The right-handed helical fraction HL in a D,L-copolypeptide chain is evaluated by a simple probability theory for each L-fraction, p. The curves of optical rotation at a single wavelength against p for poly ( . We shall show that the right-(or left)-handed helical fraction HL (or HD, HL + HD = 1) obtained by counting with a probability theory and the number of sequences having z (a parameter) or more L-or D-residues occurring in a chain are obtainable from the results of using the Moffit equation to calculate the rotation curves. The calculation will be carried out for the case where the total fractional helix content or the concentration of residues in all helices in a chain fa is approximately unity for the DL-copolypeptides in the positive helix solvents. In a subsequent paper, a more sophisticated probabilistic model of polymer statistics will be discussed.
infrared absorption and x-ray diffraction. The purpose of this paper is to present a simple probabilistic model of polymer statistics that will then be combined with the Moffitt equation (3) to reproduce the curves of optical rotation against Lfraction for the synthetic D,L-copolypeptides in several dilute solutions, as observed at a single wavelength by Downie et al. (1) . We shall show that the right-(or left)-handed helical fraction HL (or HD, HL + HD = 1) obtained by counting with a probability theory and the number of sequences having z (a parameter) or more L-or D-residues occurring in a chain are obtainable from the results of using the Moffit equation to calculate the rotation curves. The calculation will be carried out for the case where the total fractional helix content or the concentration of residues in all helices in a chain fa is approximately unity for the DL-copolypeptides in the positive helix solvents. In a subsequent paper, a more sophisticated probabilistic model of polymer statistics will be discussed.
MOFF1TT'S EQUATION
We start with the familiar semi-empirical Moffitt equation (3) (4) (5) (6) (7) for the long wavelength region (A >> Ao) and adapt it for the case of DL-copolymers. The treated here, we assume that f0 in Eq. [2] is almost unity, i.e., almost all the copolymers are a-helical on the whole. As is well known, in the addition polymerization of a favorable N-carboxyanhydride molecule to the helix of its own screw sense, the effect due to the residue in the helix one turn before the chain terminus must be considered as that of the nearest neighbor of another kind, in addition to the effect of the usual nearest neighbors such as between successive residues of L-L, D-D, D-L, and L-D. The above two kinds of nearest neighbor effects at. the terminus of a helix should influence the addition cooperatively. We suppose that the probabilities of bindings between the chain terminus and In many cases we should probably also take account of the effect between the side chains of the amino acids. We assume that this interaction can be lumped with that of the hydrogen bond of the helix. Because of the enantiomorphic relation between D-and L-residues, we can put tLL = 4>DD, 4DL = tLD, and 4HLL = 4HDD.
As shown by Feller (10) , the notion of a Markov chain is not more general than the urn model. We consider the formation of the sequence in the polymerization process as the outcome of the trial in a sample space of a special Markov chain in the urn model. Each of four kinds of urns, Dj,Lj(i = 0 -z -1), D11k, and LHk(k = z -m), contains two kinds of residues as denoted in the parentheses as follows: Di(Di+j,Li+j), Li(Di+j, Li+j), D1k (DHk+1, LHk+1), and LHk(DHk+ILIIk+l), Hydrogen bond)
There are three types of urns; in the zeroth urn Do, the probabilities of drawing the residues L1 and Di Are ap exp (#,CDDL) and aq exp (flcIDD), respectively; in the urn Lj (j = 1 -z -1), the probabilities of drawing the residues Lj+j and Dj+j are bp exp (APLL) and bq exp (FtLD), respectively; in the urn L k (k = z -m), the probabilities of drawing the residues LH*k+ [7] In the same way, a similar expression for the probability Since the value nPL m is equal to the mean number of the sequences of m L-residues in the D,L-copolymer of DPn, using the following approximate relation [10] E nPLm + E nPD m p"-i + qz-1 ( m=z m~z It should be noticed that c and c' disappear in Eq. [11] . In particular, if IIDL = 'ILL (i.e., D-and L-residues have the same kind of chemical bonding in the random coil polymerization), then a = b and consequently, Eq. [11] reduces to HL = P' /(P21 + qz-) [12] Optical Rotation of D,L-Copolypeptide Solutions 4677 which can also be obtained by the treatment of an ideal mixture.
RESULTS AND DISCUSSION
According to the studies on the L-polymer (8, 11) , the critical number z is believed to be around four to eight. The curves of Eq. [5] for z = 4 in Eq. [12] are shown in Fig. 1 Fig. 2f . Although the values of k and 1 used in Fig. 2f differ slightly front those used in Table 1 The value of k shows a relatively weak dependence on the solvent, while the 1 value depends strongly on the solvent (1) . A plausible explanation would be as follows: Ik (Eq. [3] ) represents the rotation of the a-helical skeleton alone and will be almost independent of the solvent, while 1 might depend on the solvent through h, which is characteristic of constituent residues in helices.
When n (DP) is more than several hundreds, Eq.
[12] will be independent of n. This is the reason why all the observed rotations over the range of p from 0.5 to 1.0 are well reproduced by Eq. [5] with the same parameter, although the rotation values were obtained with the D,L-copolymers of somewhat different DPs.
Dealing with anl ideal mixture of D and L in a chain for p = 0.5, it is found that the minimum chain length for which only a single sequence mode of four or more and eight or more L-residues exists in the chain is 34 and 518 on the average, respectively. Therefore, it should be noticed that if the calculated results of an ideal mixture hold approximately in the polymerization when p is near 0.5 and DP is low, there should remain some chains made of only random coils or without any helical nucleus in them. Thus, Tsuboi' s observation that the number of helical residues appear to increase with DP in a series of copolymers with identical D: L ratios would arise from the reason that the number of chains without a helical nucleus decreases with increasing DP where the DP is low (<300).
